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Twelve pairs of cadaveric pelvic limbs were harvested from skeletally mature dogs.
Tibias were randomly assigned pairwise to two study groups: locking buttress screw fixation
(LBS) and bone-screw-fastener fixation (BSF). A tibial plateau leveling osteotomy (TPLO) was
performed. Each specimen was positioned in a servohydraulic testing machine to simulate
physiological orientation and loading at the mid-point of the stance phase at the walk. Cyclic
loading was performed for 30,000 cycles at 4Hz with a peak-load of 1000N. The cyclic test was
then continued by stepwise increasing the peak-load at a rate of 75N per 500 cycles until failure
of the construct. The findings of this current study suggest that stabilization of the TPLO with
BSF in the proximal part of a locking TPLO plate provided similar biomechanical stability under
cyclic axial loading conditions as the LBS. BSF may be an acceptable alternative to LBS for
TPLO.
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CHAPTER I
INTRODUCTION
Background
Cranial cruciate ligament (CrCL) disease is the most common cause of pelvic limb
lameness in the dog.1 In 1993, Slocum and Slocum introduced the tibial plateau leveling
osteotomy (TPLO) as an extra-articular surgical technique for stabilization of the CrCL-deficient
stifle joint.2 The TPLO is designed to reduce the slope of the tibial plateau, which results in
neutralization of cranial tibial thrust and eliminates the need for an intact CrCL.2-7 Leveling of
the tibial plateau is achieved by creation of a cylindrical-shaped tibial osteotomy. Following
osteotomy, the tibial plateau is rotated around its mediolateral axis until a tibial plateau angle
(TPA) of approximately 6° is reached.2,7 A TPLO bone plate and screws are utilized to maintain
reduction of the newly aligned plateau.8
Conventional screws used in the TPLO procedure rely on buttress threads developed
several decades ago. Recently, the bone-screw-fastener or interlocking thread screw was
introduced to human orthopedics. This novel screw is designed to preserve bone integrity,
interlock with bone, resist multidirectional loading forces, and prevent implant loosening.9 Bonescrew-fasteners have been successfully used in the management of various fractures in human
beings via open reduction and internal fixation with standard AO plates.10
To date, there is only one peer-reviewed publication reporting the use of bone-screwfasteners in veterinary medicine.11 It is unknown how the new fasteners will perform in a TPLO
1

construct. This proposed study may provide a viable method for TPLO plate fixation and open
the door for future investigation into other veterinary applications of bone-screw-fasteners.
Anatomy of the Cranial Cruciate Ligament
The cruciate ligaments are intra-articular, extra-synovial ligaments of the stifle joint.
These ligaments decussate, or cross, each other and are designated cranial and caudal based on
their tibial attachment. The CrCL originates from the caudomedial aspect of the lateral femoral
condyle and the caudolateral part of the intercondyloid fossa of the femur and runs diagonally in
a cranial, medial, and distal direction across the intercondyloid fossa to insert on the cranial
intercondyloid area of the tibia.12-14 This ligament is grossly divided into two bands. The larger
caudolateral band attaches at the caudolateral aspect of the tibial attachment site and is taut in
extension but becomes lax in flexion. The smaller craniomedial band attaches at the craniomedial
aspect of the tibial attachment site and is taut throughout all range of motion.12
Function of the Cranial Cruciate Ligament
The CrCL functions primarily to prevent cranial tibial translation with respect to the
femur (cranial drawer) and hyperextension of the stifle joint.12,14 The CrCL and the caudal
cruciate ligament (CaCL) twist on each other, limiting internal rotation of the tibia relative to the
femur. In addition, cruciate ligaments play variable roles in limiting varus and valgus angulation
of the stifle joint.12
Cranial Cruciate Ligament Disease
The term CrCL disease encompasses the variety of disorders affecting the CrCL. CrCL
disease is the most common cause of canine pelvic limb lameness. Disorders include traumatic
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avulsion of the CrCL (femoral or tibial attachment), acute traumatic rupture of the CrCL
secondary to excessive strain, and progressive degeneration of the CrCL due to unknown cause.1
Acute Traumatic Rupture of the Cranial Cruciate Ligament
Acute rupture of the CrCL is a rare injury that occurs when the ligament is overloaded
following excessive limb loading, traumatic hyperextension of the stifle joint, and/or excessive
internal rotation of the tibia. This injury commonly results in a midsubstance “mop end” tear.
Affected dogs present with extreme pain, joint effusion, severe lameness, and instability of the
stifle joint. Radiographic findings include effacement of the infrapatellar fat pad by a soft tissue
opacity in the lateral projection (characteristic of edema of the fat pad and/or joint effusion) and
the absence of degenerative changes, such as osteophytosis.1
Progressive Degeneration of the Cranial Cruciate Ligament
CrCL disease was first described in the dog in 1926; however, the exact cause remains
poorly understood.1 Biomechanical studies of intact CrCLs have demonstrated a decrease in
material properties (modulus of elasticity, maximum stress, strain energy) with aging, with more
pronounced changes and earlier onset in dogs weighing more than 15kg compared with dogs
weighing less than 15kg. Degenerative changes, such as loss and metaplasia of ligamentocytes
and failure to maintain collagen fibers, were evident upon histologic evaluation of these
ligaments.15 These findings are consistent with the observation that CrCL disease often occurs at
a younger age in large-breed dogs.16
CrCL rupture has been attributed to several factors including abnormal conformation and
gait, increased TPA, obesity, and lack of fitness; however, none of these has proved causative.1522

For instance, while the mean TPA was reported to be significantly greater in dogs with CrCL
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rupture than in dogs with an intact CrCL, further investigations failed to confirm this
finding.20,23-24 Neutering has been shown to increase the prevalence of CrCL injury.25 The CrCL
has been shown to be rich in mechanoreceptors and proprioceptors.26-27 As joint loads increase
strain in the CrCL, simultaneous contraction of the caudal thigh muscles and relaxation of the
quadriceps muscle group occurs; this response is protective of the ligament.28-29 Therefore, it is
possible that obesity and/or lack of fitness may diminish these protective mechanisms, leading to
repetitive strain injury of the CrCL and mechanical failure.29-30
Histology of ruptured CrCLs revealed lack of collagen fiber maintenance and loss of
fibroblasts from the core region, even with presence of a normal cell number density in the
epiligamentous region. This change in fibroblast numbers was characterized by a decrease in
typical fusiform and ovoid fibroblasts, an increased number of cells undergoing chondroid
metaplasia, and extensive disruption of the ligamentous matrix.15,31 Decreased birefringence and
elongation of crimping in the remaining collagen fibrils were observed, suggesting progressive
mechanical overload was the cause of failure. A proliferative epiligamentous repair response was
identified that resulted in eventual covering of the torn ends of the ligaments, yet no bridging
scar was noted between the ends.31 Various factors likely contribute to this degeneration
including immune-mediate degeneration, acquired loss of blood supply in the midportion of the
ligament, and a smaller intercondylar notch.32-33 Ultimately, the ligament is either too weak to
withstand the forces applied to it, or the forces applied are greater than the strength of the
ligament.1
Ruptured CrCLs have an increased turnover rate of extracellular matrix compared with
intact CrCLs, as demonstrated by increased collagen and glycosaminoglycan synthesis.34
Antibodies to type I and type II collagen have been identified in the sera and synovial fluid of
4

dogs with spontaneous CrCL rupture.33 While prevalence of these antibodies has led to
speculation that immunologic reactivity may play a role in CrCL disease, their increase has not
been shown to be specific for the type of joint disorder. It is therefore unlikely that anticollagen
antibodies play an active role in the onset of CrCL weakening.35
Breed variation in material properties of the CrCL has been reported. The CrCL from the
Rottweiler has been compared with that of the racing Greyhound, with Rottweiler ligaments
having a significantly greater cross-sectional area at their tibial attachment. Mechanical testing of
these ligaments revealed that the ultimate failure load, normalized to body mass, was
significantly greater in the extended racing Greyhound stifle during loading in cranial tibial
subluxation. The Rottweiler ligament was determined to be more vulnerable to damage because
it required half the load per unit body weight to rupture compared with the Greyhound
ligament.36
A wide variety of dog breeds are affected by CrCL disease. The highest prevalence has
been reported in the Rottweiler, Newfoundland, and Staffordshire Terrier; the lowest prevalence
in affected breeds has been reported in the Dachshund, Basset Hound, and Old English
Sheepdog.37 Breeds predisposed to sustain a CrCL rupture before 2 years of age include the
Neapolitan Mastiff, Akita, Saint Bernard, Rottweiler, Mastiff, Newfoundland, Chesapeake Bay
Retriever, Labrador Retriever, and American Staffordshire Terrier.38 Female dogs have an
increased prevalence of CrCL disease compared with male dogs.37 While neutered dogs have a
higher prevalence than sexually intact dogs, age at time of ovariohysterectomy is not associated
with prevalence of CrCL disease.37-38 Dogs weighing less than 22kg tend to be affected later in
life than larger dogs.16,37,39-40 This data is consistent with the histologic findings that the CrCL of
dogs weighing less than 15kg generally shows less severe degeneration of the ligament that those
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of larger dogs, and onset of the degenerative process is often delayed by several years in smaller
dogs.15
Rupture of the contralateral CrCL occurs in 22% to 54% of dogs, with a median time of
947 days from the diagnosis of first CrCL rupture.41-46 Breed and body weight have not been
found to significantly affect the likelihood of contralateral CrCL rupture, but increasing age is
associated with increasing survival of the contralateral ligament.46 The veterinary literature is
divided on whether TPA has any influence on contralateral rupture.42,46 Age, sex, weight, and
TPA were found to not be risk factors for bilateral CrCL disease in the Labrador Retriever.41,43,46
Patient history often includes pelvic limb lameness that worsens following exercise or
periods of rest. Gait evaluation reveals lameness referable to the stifle joint. The severity of
lameness reflects the degree of ligament disruption. Dogs with relatively stable partial tears may
have a subtle lameness that is detectable only following periods of strenuous activity. Lameness
can be severe or non-weight bearing in cases of complete rupture. In these instances, non-weight
bearing lameness persists for several days, followed by moderate to severe weight-bearing
lameness. Stiffness after rest, particularly following periods of exercise, is often observed.1
Cranial Cruciate Ligament-Deficient Stifle Joint
Osteoarthritis of the CrCL-deficient stifle joint likely occurs secondary to abnormal
dynamic joint function.1 Kinematic evaluation using surface markers has demonstrated that the
CrCL-deficient stifle joint remains more flexed throughout the gait cycle. In response, the
coxofemoral and tarsocrural joints remain more extended during the stance phase than in the
normal gait cycle.47 Kinetic analysis has revealed decreases in peak vertical forces and impulses
and braking and propulsion impulses.47-48 Peak vertical force on the normal pelvic limb has been
reported to be 70% of the static body weight of the dog. Peak vertical force was 25%, 32%, and
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37% of body weight at 2 weeks, 6 weeks, and 12 weeks following experimental transection of
the CrCL, respectively.49
Full, six degrees of freedom kinematic data were collected in five dogs using an
instrumented spatial linkage secured to bone plates. Approximately 8 to 12mm of cranial tibial
subluxation with respect to the femur was observed during the stance phase of the gait. Cranial
subluxation of the tibia was unchanged during the swing phase, except in one of the five dogs in
which subluxation persisted during the swing phase. This finding was thought to be due to failure
of secondary restraints such as the menisci, resulting from chronic, cyclic cranial tibial
subluxation and reduction.50
In a cohort study of 18 dogs, dynamic radiostereometric analysis utilizing dual digital
video radiographic capture was used to serially evaluate stifle joint kinematics following CrCL
transection. Peak cranial tibial translation increased by an average of 10mm following CrCL
transection. Cranial tibial subluxation was only evident during the stance phase 2 months
following ligament transection; however, an average of 5mm of translation was present at the
terminal swing phase 2 years following transection.51 The medial meniscus was found to be an
important secondary stabilizer of the stifle joint, serving as a “return spring” in the CrCLdeficient stifle joint. The intact medial meniscus elastically deforms during periods of cranial
subluxation of the tibia and then reduces subluxation once stance phase load is removed.51-52
Joint capsule fibrosis and meniscal injury secondary to long-term joint instability has been
suggested to cause a reduction in static joint laxity and elasticity over time. Significant changes
in internal rotation of the tibia relative to the femur were not observed. The range of abduction
and adduction of the stifle joint was nearly doubled 2 months following transection of the CrCL
and remained significantly increased at 2 years. In addition, stifle joint flexion increased
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significantly until 6 months postoperatively. A significant increase in medial translation of the
tibia was noted, which persisted 2 years following ligament transection.51
Active Model of the Stifle
Henderson and Milton were the first to describe the dynamic nature of instability in the
CrCL-deficient stifle joint in the dog. In their 1978 description of the tibial compression test as a
method for evaluation of CrCL integrity, they recognized that direct forces of weight bearing and
contraction of the gastrocnemius muscle were responsible for the joint compressive force
between the tibia and the femur.53 In 1984, Slocum and Devine defined cranial tibial thrust force
as a shear force generated in the stifle during weight bearing that acts to thrust the tibia cranially.
Cranial tibial thrust force was concluded to be the result of tibial compression and the slope of
the tibial plateau.6
In 1993, Slocum and Slocum proposed the “active model” of the stifle, in which stifle
joint stability is maintained by a synergism between the muscle forces responsible for stifle joint
flexion and extension, the cranial tibial thrust force, the pull of the stifle flexor muscles of the
thigh, and the passive restraints of the stifle joint including the CrCL and the caudal pole of the
medial meniscus.2 Based on Slocum’s model, the magnitude of the cranial tibial thrust force is
dependent on the magnitude of the joint compressive force and the slope of the tibial plateau.
Cranial tibial thrust force in the normal stifle joint is counteracted by both active (e.g., caudal
thigh muscles) and passive (e.g., caudal pole of the medial meniscus) elements. If this force is
not neutralized by the pull of the stifle flexors of the thigh, the CrCL ligament begins to rupture
or ruptures, resulting in cranial tibial subluxation during the stance phase of the gait. Leveling of
the tibial plateau reduces the magnitude of cranial tibial thrust force and restores joint stability
during the stance phase.2,6
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Tibial Plateau Leveling Osteotomy
The TPLO is a modifying osteotomy of the proximal tibia intended to neutralize cranial
tibial thrust. Tibial plateau segment rotation resulting in a TPA of approximately 6.5° has been
shown to neutralize cranial tibial subluxation in a cadaveric model. Leveling to angles less than
this induces caudal tibial subluxation and increases strain on the CaCL.3,7 CaCL degeneration has
been documented in dogs undergoing experimental transection of the CrCL. Therefore, tibial
plateau leveling beyond that needed to neutralize cranial tibial thrust may further damage the
degenerated CaCL.54
While the TPLO has proved to be very effective at neutralizing cranial subluxation of the
tibia in the CrCL-deficient stifle joint, the procedure does not address the two other major
functions of the intact CrCL (prevention of hyperextension and internal tibial rotation).
Therefore, the TPLO procedure does not restore normal kinematics of the stifle joint. In fact, no
surgical procedure intended to stabilize the CrCL-deficient stifle joint in the dog has been proven
to accomplish this to date.1
Preoperative Planning
Mediolateral radiographs (sagittal plane) are necessary for TPA measurement,
determining the appropriate saw blade size, identifying the appropriate osteotomy location,
quantifying the magnitude of required tibial plateau rotation, and confirming that the entire
rotation is within safe, acceptable limits. Craniocaudal radiographs (frontal plane) are used to
screen for angular or rotational deformities and measure their magnitude if present and to locate
the fibular head with respect to the joint surface for intraoperative reference. High-quality, wellpositioned radiographs of the tibia, stifle, and tarsus in both of these planes are necessary for
preoperative planning.1
9

In the mediolateral view, the stifle and tarsus should be flexed to a 90-degree angle with
the tibia parallel to the cassette with no femoral or tibial rotation. Elevating the caudal pelvis off
the radiographic table may help mitigate femoral rotation. Ideally, the femoral condyles and
tibial condyles are perfectly superimposed; however, this is usually not possible in patients with
femoral or tibial angular or torsional deformity.1 Centering the radiographic beam on the stifle
joint minimizes radiographic projection artifact, as demonstrated in close matching of
radiographically measured TPA with the anatomically measured TPA in cadavers.55
The tibial plateau axis is determined by the proximal tibial joint orientation line in the
sagittal plane, which is a line connecting the cranial and caudal extents of the medial tibial
condyle. The tibial long axis is determined by the mechanical axis of the tibia in the sagittal
plane, which is a line connecting a point dividing the intercondylar tubercles of the tibia and the
center of rotation of the talus.56 The TPA is measured at the intersection of the tibial plateau axis
and the tibial long axis lines with reference to a line perpendicular to the tibial long axis.4 This
measurement can also be made at the intersection of these two axes and is referred to as the
mechanical caudal proximal tibial angle (mCaPTA).56 A TPLO chart designed to achieve a 5degree postoperative TPA is used to determine the magnitude of rotation of the tibial plateau in
millimeters. This value can be used to estimate the final position of the tibial plateau segment.
The plateau segment provides buttress support to the tibial tuberosity; therefore, this segment can
be safely rotated to a point that is even with the insertion of the patellar ligament on the tibial
tuberosity.57 A TPLO combined with a cranial closing wedge osteotomy should be considered if
tibial plateau rotation results in positioning of the plateau segment distal to this point.58
Intraobserver variability of  3.4° and interobserver variability of  4.8 to 6.0° of TPA
have been reported.59-60 A significant difference between inexperienced and experienced
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observers has been noted.59 Degenerative changes to the caudal aspect of the tibial plateau have
been found to obscure identification of the caudal aspect of the medial tibial condyle; this
accounts for most of the interobserver variation.60
Craniocaudal radiographs are necessary to screen for angular and rotational deformities
of the tibia. Proximal and distal joint orientation lines are used to quantify tibial alignment in the
frontal plane. The proximal tibial joint orientation line connects the distalmost points of the
medial and lateral tibial condyles in the craniocaudal view. The distal tibial joint orientation line
connects the proximalmost points of the medial and lateral arciform grooves of the cochlea tibia
in the craniocaudal view. The mechanical axis of the tibia connects the center of the
proximalmost aspect of the intercondylar fossa of the femur, or the midpoint between the
intercondylar tubercles of the tibia, to the center of the distal intermediate ridge of the tibia. The
mechanical medial proximal tibial angle (mMPTA) and the mechanical medial distal tibial angle
(mMDTA) can be measured at the intersection of the mechanical axis of the tibia with the
proximal and distal joint orientation lines, respectively. Mean values of mMPTA = 93.30  1.78°
and mMDTA = 95.99  2.70° have been reported. Mean mMPTA = 93.38  1.81° and mMDTA
= 96.34  2.51° have been reported in Labrador Retrievers. Correction at the time of TPLO may
be warranted if frontal plane alignment varies significantly from these values.61
The craniocaudal view can be used to screen for tibial torsion using a method described
by Slocum.4 This method relies on true craniocaudal radiographic positioning of the femur, tibia,
and tarsus; this positioning is confirmed by a centered patella and the fabella bisected by the
adjacent femoral cortex. The medial edge of the calcaneus should bisect the distal intermediate
ridge of the tibia in the absence of tibial torsion. This method is susceptible to radiographic
positioning artifact; therefore, it should not be used alone to diagnose tibial torsion.62
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Radiographically determined tibial torsion can be confirmed with clinical examination.
Computed tomography is the preferred method for quantification of tibial torsion.62-63
Tibial Plateau Leveling Osteotomy Position
The TPLO procedure utilizes a radial osteotomy; therefore, the center of the osteotomy
dictates the center of rotation of the tibial plateau segment. For simplicity sake, the center of the
osteotomy can lie in one of five positions with respect to the proximal tibial long axis point (the
point dividing the intercondylar tubercles). These positions are cranial, caudal, proximal, distal,
and centered on the proximal tibial long axis point.1 Examination of these osteotomy locations
and the effect of subsequent rotation reveals that the structures of the tibial plateau segment
follow an arc determined by the distance of eccentricity (the distance from the center of the
osteotomy to the structure itself).64 The tibial plateau points as well as the proximal tibial long
axis points are all contained within the osteotomized proximal segment; thus, they move in
unison, without motion relative to each other. The proximal and distal long axis points move
independently, because they are in different bone segments. The center of the osteotomy will
change in position after rotation of the tibial segment, causing a shift of the tibial long axis,
unless the osteotomy is centered on the proximal tibial long axis point. Therefore, centering the
osteotomy on the proximal tibial long axis point is most accurate from a mathematical
standpoint.1 The centered osteotomy position has been shown to be more effective than the distal
position in neutralizing cranial tibial thrust due to more accurate tibial plateau leveling.65
The ideal TPLO osteotomy allows for accurate leveling of the tibial plateau axis with
respect to the tibial long axis with no further anatomic changes to the tibia. To accomplish this
goal, rotation of the proximal tibial segment must occur around the intersection of the tibial
plateau and the tibial long axis lines, since the tibial plateau line approximates the anatomic tibial
12

plateau. While this osteotomy position will result in slight translation of the intercondylar
tubercles, the plateau, as defined by the tibial plateau axis line, will be accurately leveled. In fact,
rotation should occur around the central point of the articular surface of the medial tibial plateau
itself; however, it is difficult to be this precise clinically. Therefore, the osteotomy is centered on
the intersection of the tibial plateau and the tibial long axis lines in most cases. Doing so
maintains suitable geometric precision and allows adequate bone in the tibial plateau segment for
bone plate application.1
The exit angle of the osteotomy with respect to the caudal cortex has been used to
describe osteotomy placement.4 This is not practical due to variations in individual anatomy and
proximal tibial morphology. Instead, the angle that the saw blade exits the caudal tibial cortex
should reflect that which is determined through preoperative planning.1
Once the tibial plateau axis and the tibial long axis lines are drawn, either digitally or
directly on a mediolateral radiograph, a radiographic template can be used to plan the osteotomy.
The template must be calibrated to the radiographic image to account for magnification. The
proposed osteotomy is represented by the circumference of the template crossing the
radiographic image of the tibia. Various templates representing available TPLO saw blades can
be used to select the appropriate saw size.1 The tibial tuberosity generally widens from proximal
to distal with a well-positioned osteotomy.65 In large-breed dogs (mean body weight of 40kg),
tibial tuberosity width of less than 10mm has been shown to be a risk factor for tibial tuberosity
avulsion.66 While a width of 10mm is a reasonable goal in most large-breed dogs, this
measurement depends on the size of the patient and the individual tibial anatomy. Thus, tibial
tuberosity width is generally greater in in giant breeds and smaller in small-breed dogs and cats.1
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Preoperative and intraoperative planning reduce the risk of tibial tuberosity fracture by resulting
in a more centered osteotomy.67
A simple geometric method facilitates intraoperative saw blade positioning. Distance 1
(D1) and distance 2 (D2) are measured preoperatively using the patellar ligament insertion on the
tibial tuberosity as a landmark. D1 is the distance from the patellar ligament insertion to the
osteotomy measured along a line perpendicular to the cranial border of the tibia. D2 is the
distance from the patellar ligament insertion to the point that the osteotomy exits the tibia
measured along the cranioproximal border of the tibia. These measurements are repeated
intraoperatively and marked on the tibia. Application of the TPLO saw blade to the medial tibia
in contact with these marks allows accurate duplication of the preoperatively planned osteotomy
position. Other useful intraoperative references include the exit angle of the saw blade on the
tibia and the tibial tuberosity shape and width. D1 and D2 measurements can be repeated on the
mediolateral postoperative radiographs to assess accuracy of osteotomy positioning.1 The D1 and
D2 measurement technique has been compared to a technique using D1, D2, and distance 3 (D3),
a measurement from the articular surface to the osteotomy exit at the caudal tibial cortex. The
mean difference between the planned and the actual osteotomy location was 1.72 ± 0.958mm for
the D1/D2 technique and 1.79 ± 1.010mm for the D1/D2/D3 technique. Both techniques are
clinically practical and accurate, with no significant difference in mean osteotomy location
between the two methods.68
Occasionally, the osteotomy position must be altered due to variations in individual
anatomy. For example, the osteotomy must be moved caudally in the presence of a narrow
proximal tibia to ensure that adequate tibial tuberosity width is maintained. Excessive TPA or a
proximal tibial growth deformity, presence of a bone tunnel from a previous lateral fabellotibial
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suture surgery, and medium-breed dogs with small tibial size but large body weight (e.g., English
Bulldog) are other cases that may require alteration of osteotomy position.1
Rotation of the proximal tibial plateau segment may be complicated by the tibiofibular
articulation, proximal tibial jig pin, and the center of the osteotomy. These three factors must be
as close to concentric as possible to maximize ease of rotation. Therefore, the proximal jig pin
should be located approximately 3 to 4mm distal to the caudal plateau joint surface, and the
osteotomy should be centered on the intersection of the tibial plateau and the tibial long axes. In
general, these locations are in close proximity to the proximal tibiofibular articulation.1
Surgical Technique
The goals of intra-articular examination of the stifle joint are to confirm the presence of
CrCL disease and to debride the damaged ligament. This can be performed via arthroscopy or an
arthrotomy. Differences of opinion exist among surgeons regarding the of CrCL debridement.
Many surgeons debride the remnants of the CrCL in cases of complete tear or unstable partial
tear, but leave the intact portions of the ligament in situ in cases of stable partial tears.
Nevertheless, remnants of the ligament inevitably remain despite seemingly thorough
debridement. Other goals of intra-articular examination include examination of the menisci and
treatment as necessary, confirmation that the CaCL is intact, and quantification of the degree of
osteoarthritis.1 If arthroscopy is used, the proximal tibia is approached through a medial incision
following arthroscopic examination.58 Alternatively, a medial arthrotomy can be combined with
an approach to the proximal tibia through a medial incision.58,69
A jig has been designed to aid in osteotomy orientation, to stabilize the bone segments
during osteotomy rotation and reduction, and to facilitate limb alignment. Use of a jig with a saw
guide aids in osteotomy placement and initiation of the osteotomy.1 However, jig use has not
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been shown to improve precision of TPLO surgery.70 Osteotomy position when performing a
TPLO without a jig and saw guide compares favorably with use of a jig and saw guide.71 A jig is
not necessary for osteotomy orientation, tibial plateau rotation, or fragment reduction.72 Jigs and
saw guides are not routinely utilized at the author’s institution; therefore, their use is not
described in this manuscript.
Following intra-articular examination of the stifle joint and approach to the proximal tibia
through a medial incision, the joint surface is identified by probing the middle of the medial
collateral ligament with a 25-gauge needle from distal to proximal until the needle enters the
joint space.1 Radiopaque gauze sponges are placed between the tibia and the cranial tibial muscle
and the popliteal muscle to pack off the lateral and caudal soft tissues, respectively. Use of
sponges is effective in protecting the proximal tibial soft tissue envelope; however, this
technique results in retention of microscopic cotton particles in the surgical site.73 An incision is
made caudal to the medial edge of the patellar ligament just proximal to its insertion on the tibial
tuberosity in order to expose the infrapatellar bursa and to allow retraction of the patellar
ligament with a Senn retractor (or similar instrument). D1 and D2 are measured exactly as was
done during preoperative planning, and these distances are marked on the medial surface of the
tibia using monopolar electrosurgery. The osteotomy is accurately placed on the tibia according
to the preoperative plan by ensuring that the convex surface of an appropriately sized TPLO saw
blade passes through the marks denoting D1 and D2.1
Prior to starting the osteotomy procedure, the surgeon should confirm tibial tuberosity
width, saw blade exit angle on the caudal tibial cortex, center of the osteotomy (located at the
center of the saw blade shaft), and adequate size of the tibial plateau segment to properly fit the
TPLO bone plate on its medial surface. A partial thickness osteotomy is performed
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approximately one-half of the way across the tibia with the axis of the osteotomy perpendicular
to the sagittal plane of the tibia and parallel to the tibial articular surface. The rotation distance is
marked with an osteotome; this is facilitated by clearing some periosteum adjacent to the
osteotomy on both tibial segments. The distance should be measured along the proximal segment
first. The distal mark should be translated as a radial across the osteotomy to the distal segment,
because measuring diagonally across the osteotomy will shorten the measured distance, which
will result in underrotation. Electrosurgery can be used to highlight the marks and make them
easier to identify. The osteotomy is completed, and the gauze sponges are removed. A rotation
pin (3.2mm Steinmann pin) is placed slightly caudal to the proximal extent of the osteotomy and
slightly distal to the proximal tibial surface at an oblique angle from proximocranial to
caudodistal. The rotation marks are aligned by rotating the tibial plateau segment, ensuring a
slight step from lateral to medial is maintained between the tibial plateau segment and the distal
tibial segment.1 Realignment of the cortices can result in angular and rotational deformity.74
An anti-rotation pin (1.6mm Kirschner wire) is placed through the tibial tuberosity into
the tibial plateau segment.1 This pin should be placed proximal to Sharpey’s fibers at the
attachment of the patellar ligament to reduce the risk of tibial tuberosity fracture.75 The rotation
pin is then removed. A TPLO plate is applied to the medial surface of the tibia with standard
internal fixation techniques, and the anti-rotation pin is removed.1 Use of locking screws in
TPLO plates maintains tibial plateau leveling position better than conventional screws and has
been shown to result in less change in TPA and improved osteotomy healing compared with
conventional screws.8,76 The bone plate is covered by soft tissue by closing the conjoined
tendons of insertion of the sartorius, gracilis, and semitendinosus muscles (pes anserinus) to the
fascia along the craniomedial border of the tibial crest. The subcutaneous tissues and skin are
17

closed routinely. Postoperative radiographs are necessary to evaluate osteotomy position,
alignment, and apposition; implant position; and limb alignment.1
Following the TPLO procedure, exercise is strictly limited for 4 weeks. Leash walks are
gradually increased in duration during weeks 5 through 8. For example, leash walks of 5, 10, 15,
and 20 minutes are allowed during weeks 5, 6, 7, and 8, respectively. Follow-up radiographs are
obtained 6 to 8 weeks following surgery to evaluate osteotomy healing.1
Outcome and Complications
Limited objective information on the effect of the TPLO procedure on gait has been
published. Peak vertical force and vertical impulse were significantly decreased at 8 weeks
postoperatively in 6 normal Foxhounds that underwent cranial cruciate ligament extirpation,
medial meniscal release, and TPLO; however, there were no significant differences in either
value between controls and TPL treated legs at 18 weeks.77 No significant differences were
detected between Labrador Retrievers undergoing treatment of CrCL disease with a lateral
fabellotibial suture and those treated with TPLO at 2 and 6 months after surgery. Nearly all dogs
in this study underwent postoperative rehabilitation, and gait evaluation was conducted at a
walk.78 A significantly smaller thigh circumference and stifle joint range of motion were present
in limbs treated with unilateral TPLO despite a thigh circumference of 98.5% of the control
limb.79 Early physical therapy results in significantly greater thigh muscle circumference and
stifle joint range of motion at 6 weeks postoperatively compared with a home walking
program.80 Dogs undergoing the TPLO procedure have been shown to have a small but
measurable increase in the severity of radiographic changes attributable to osteoarthritis at 8
weeks following surgery.81 Dogs with greater than a 6-point increase in radiographic arthritis
score were 5.78 times more likely to have been treated with a lateral fabellotibial suture than a
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TPLO.82 No association was found between postoperative TPA and ground reaction forces in
Labrador Retrievers that were treated with TPLO and concurrent meniscal surgery, where the
postoperative TPA was 0 to 14°.83 Ninety-three percent of owners in one study of 151 dogs
treated with the TPLO procedure were satisfied or very satisfied with patient outcome, with
78.8% of owners reporting resolution of lameness, 15.9% reporting intermittent lameness, and
5.3% reporting persistent lameness following surgery.84
The outcome of TPLO has been compared with that of lateral fabellotibial stabilization.
In one study, kinematic and owner satisfaction results showed that dogs treated with the TPLO
procedure had better outcomes than dogs treated with a lateral fabellotibial suture.85 Results of
another study demonstrated quicker return to normal limb loading for TPLO than for lateral
fabellotibial stabilization, with TPLO resulting in operated limb function that was
indistinguishable from the control group (normal adult dogs) by 1 year postoperatively.86
Second-look arthroscopy has provided some of the most interesting evidence regarding
the efficacy of TPLO. The CrCLs of dogs with stable partial tears were evaluated with secondlook arthroscopy at a mean of 25 months following TPLO, which revealed that the stable intact
fibers of the ligament persisted, while the torn fibers had resorbed. The CaCL, menisci, and
articular cartilage appeared normal in 16 of 17 evaluated stifles.87 Lower TPAs have been
associated with decreased CrCL strain, which supports this finding.88 Conversely, stifle joints
with complete CrCL rupture or unstable incomplete partial tears treated with TPLO were
assigned a modified Outerbridge grade 3 or 4 articular abrasion score of the medial or lateral
femoral condyle on second-look arthroscopy.87
The types of complications following the TPLO procedure are similar to those reported
for other osteotomy procedures and have been reported to occur at a rate of 9.7% to 34%.84,89-92
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Intraoperative complications include tibial or fibular fracture; intra-articular screw or jig pin
placement; broken drill bits, holding pin, or screw; placement of a bone screw into the
osteotomy; significant hemorrhage (often secondary to laceration of the cranial tibial artery); and
retained surgical sponge.84,91-93 Many of these complications occur due to technical error;
therefore, the complication rate decreases as experience with the procedure increases.1 Shortterm complications (within 14 days following surgery) reported following TPLO primarily
involve the incision site and include tissue swelling or inflammation, irritation secondary to
bandage application, seroma, wound dehiscence, incisional drainage, incisional infection,
hematoma, edema or bruising at the incision site, and self-trauma with skin suture or staple
removal. Other short-term complications include joint capsule swelling and tibial fracture.94-96
Long-term complications (15 or more days after surgery) include patellar ligament thickening,
tibial tuberosity fracture, periosteal reaction, osteomyelitis, meniscal tear, implant loosening,
screw breakage, draining tract from retained surgical sponge, fibular fracture, patellar fracture,
septic arthritis, ring sequestrum, tibial fracture, and luxation of the tendon of the long digital
extensor muscle.84,91-92,94,97
Experience with the TPLO procedure, meticulous preoperative planning, and careful
attention to detail in surgical execution can mitigate intraoperative complications. For example,
inadvertent intra-articular placement of bone screws or jig pins can be prevented by cautiously
elevating and protecting soft tissues and paying attention to local anatomic landmarks such as the
height and position of the fibular head.1 Violation of the joint space can be further avoided with
use of anatomically shaped locking bone plates with predetermined screw angulation based on
the angulation of the threads in the plate. The design of these plates angles the proximalmost
screws away from the joint surface. Contouring of these plates, if necessary, should be confined
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to the shaft of the plate; otherwise, the proximalmost screws may be redirected toward the joint
surface.94 Any suspect intra-articular bone screws detected with postoperative radiographs
should be removed, redirected, and replaced immediately to minimize the risk of creating severe
cartilage lesions.1
Significant intraoperative hemorrhage is typically secondary to laceration of the cranial
tibial artery or vein (historically termed the popliteal artery and vein).4,93 Hemostasis can be
maintained with electrosurgery or application of hemostatic agents or hemostatic clips. The area
caudal to the tibia can be packed with gauze to control hemorrhage. Self-retaining retractors
(Gelpi retractors) are placed, the gauze is removed, and suction is used to aid in identification of
the vessel, which is then clamped and ligated or cauterized.1 Temporary occlusion of the
femoral, popliteal, or cranial tibial arteries can be performed in the event of severe hemorrhage
to minimize blood loss and aid in vessel identification and ligation.93
Careful angulation of drills and avoidance of bone screws and pins during implant
application aids in preventing drill bit and screw breakage. Anatomically shaped locking bone
plates also minimize the risk of this complication; by design, the screws can be angled to prevent
interference.1
Soft tissue complications in the early postoperative period may be reduced with
meticulous soft tissue handling and careful elevation and preservation of fascia along the
craniomedial border of the tibia, which allows more robust soft tissue closure and coverage of
the bone plate.1 Emphasis on the tibial osteotomy position, tibial tuberosity width, anti-rotation
pin placement, and limiting rotation to the level of the “safe point” greatly minimizes the risk of
tibial tuberosity fracture.57,64-66,75 While minimally displaced tibial tuberosity fractures can be
treated conservatively with strict activity restriction, displaced fractures, especially those
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associated with fixation failure of the tibial plateau segment, require revision with replacement of
the TPLO plate in a new location and pin and tension-band wire fixation of the tibial
tuberosity.75,98 An 8.5- to 9.6-fold increased risk for tibial tuberosity fracture has been reported
for bilateral, single-staged TPLO.75,84 Bilateral single-stage procedures have a complication rate
of 20% to 40%; thus, single-staged bilateral TPLO is not recommended.84,99
A 1.5  2.2° change in TPA following the TPLO procedure has been reported. This
significant change in TPA likely occurs due to movement of the tibial plateau segment along the
osteotomy site (secondary loss of reduction or rockback) or remodeling of the subchondral plate
of the medial tibial plateau.79 The magnitude of TPA change is small and unlikely to alter the
theoretical effectiveness of the TPLO neutralize cranial tibial thrust. Movement of the tibial
plateau segment along the osteotomy suggests that minor fixation failure may occur during
healing; this may result in significant loss of reduction if loss of fixation of a greater magnitude
were to occur. Use of locking screws has been shown to better maintain TPA and improve
osteotomy healing compared with conventional screws.81 Mean TPA change was 0.15  1.32°,
and the median bone healing grade was 4/4 (excellent union with >75% healing) when a
contoured locking bone plate was used by experienced surgeons.94
Patellar ligament thickening is a common postoperative complication following TPLO
that may cause lameness in the first few months following surgery.100-101 Radiographic and
ultrasonographic evaluation of the patellar ligament in dogs treated with the TPLO procedure
demonstrated thickening, most commonly at the distal portion of the ligament, in 42% of stifles
at 1 month, 50% of stifles at 2 months, and 23% of stifles at 6 months following surgery. TPA
<6° and greater body weight were associated with a higher risk of patellar ligament thickening.
Given these findings, increased stress on the patellar ligament following TPLO may play a role
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in the development of patellar ligament thickening.101 Saw blade kerf thickness and the position
of the osteotomy have been shown to affect the distance from the insertion point of the patellar
ligament on the tibial tuberosity to the intercondylar tubercles of the tibia following TPLO.65,101
The quadriceps mechanism gains mechanical advantage in extending the stifle joint from this
distance (lever arm). The force on the patellar ligament during weight bearing increases as this
distance decreases, which may result in patellar ligament strain.102
Histologic evaluation of the patellar ligament revealed collagen fiber disorganization,
cartilaginous metaplasia, tenocyte hyperplasia, a marked increase in myxomatous matrix, and
neovascularization with lack of inflammation. These findings are consistent with patellar
tendinosis in human patients secondary to repetitive strain injury and are suggestive of a
biomechanical basis for this syndrome.100 The patellar ligament may also be injured
intraoperatively by excessive retraction or thermal damage associated with saw blade contact.100101

A grading scheme has been developed for radiographic evidence of patellar ligament

thickening (grade 0 – mild, normal up to double preoperative thickness; grade 1 – moderate, 6 to
11mm in thickness; and grade 2 – severe, 12mm in thickness or no identifiable borders).
Patients with grade 2 patellar ligament thickening, lameness attributable to the patellar ligament,
pain on palpation of the patellar ligament, and soft tissue swelling are classified as having
patellar tendinosis. A cranially positioned osteotomy, a partially intact CrCL ligament combined
with a cranially positioned osteotomy, and postoperative tibial tuberosity fracture are all
considered risk factors for patellar ligament thickening, while a partially intact CrCL is the only
risk factor identified for patellar tendinosis. A centered osteotomy position may aid in prevention
of patellar ligament thickening and patellar tendinosis.100
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Neoplasia of the proximal tibia is a reported complication of the TPLO procedure.
Implant corrosion; the specific metal alloy used for the implant; electrolysis between dissimilar
metals of the implant; tissue damage at the time of trauma or surgical repair; and altered cellular
activity related to delayed union, nonunion, or infection are all possible causes. Cast bone plates
are associated with an estimated seven times greater incidence of osseous neoplasia than
anticipated. With implementation of wrought TPLO implants, the role of the bone plate itself in
the development of neoplasia may be elucidated in the future as the incidence of neoplasia
increases, decreases, or remains the same.103
The AO Screw
History of the Bone Screw
Archimedes of Syracuse (287-212 BC) is credited with the invention of the first screw.
He created a water-pump based on a revolving screw-shaped blade inside a cylinder, which was
designed to remove the bilge water from large ships. Archimedes’ screw principle is still
employed to date for pumping water and transporting coal and grain.10,104 Nevertheless, technical
challenges in screw manufacturing delayed the introduction of industrial screws by a thousand
years.10,105
In 1850, the French surgeons Cucel and Rigaud used screws for the first time in
orthopedic surgery by repairing an olecranon fracture with two wood screws and a leather
strap.10,106 William O’Neill Sherman (1880-1979) modified conventional screw designs to
orthopedic applications in the early 20th century.10,107 Sherman’s screw design remained the
“gold standard” of orthopedics until the AO screw was introduced half a century later. In the
1920s, stainless steel was introduced, which allowed better biocompatibility of bone screws.10,108
The Belgian surgeon Robert Danis, the “father of modern osteosynthesis”, further modified
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screw designs in the 1940s to applications specific to human bone by implementing three
technical features: a change of the ratio from the exterior screw diameter to core diameter from
4:3 in industry screws to 3:2 in orthopedic screws; a reduction of thread surface area to 1/6,
based on the notion that bone strength is about 1/6 of the strength of metal; and a change from
the classic industrial V-shaped thread design to buttress threads, based on the postulated
increased pull-out resistance of buttress threads.10,109 Danis pioneered internal fixation by
improving screw design and plate technology. His work preceded the foundation of the AO
(“Arbeitsgemeinschaft für Osteosynthesefragen”) in 1958 in Switzerland.10,109-110 The AO
developed standardized surgical principles and techniques and introduced a uniform design for
orthopedic implants and instruments.10,108
Principles of Screw Threads
Screw threads are designed to optimize initial contact and surface area, dissipate and
distribute stress forces at the bone-screw interface, and increase pull-out resistance to load.10,111
Thread geometry may be described by thread shape, face angle, pitch, depth, and width. Thread
pitch, depth, and width vary greatly among orthopedic screws. For example, the thread depth of
cancellous screws is greater than that of cortical screws, with the intent of increasing the surface
area and improving screw purchase in lesser quality bone. Thread pitch is the linear distance
travelled by the screw after one full turn; a smaller pitch implies a higher number of threads in
implants with equal length. For example, locking screws have a lower pitch than cortical screws.
The most common thread shape of current orthopedic screws is the buttress thread (Fig. 1.1). The
load-bearing face of buttress screws is typically perpendicular or inclined up to 5 to 7° to the
screw axis, while the other face of the thread is angled at approximately 45°. Buttress threads are
popular in current orthopedic screw designs, because of their ability to handle high axial thrust in
25

one direction, which leads to increased shear strength and improved unidirectional pull-out
resistance compared to other conventional thread shapes.10,113-115 However, orthopedic screws are
not typically challenged by axial loading forces from physiological motion, with the standard
buttress screw at significant risk of failure when exposed to multidirectional loading forces.10,116
Locking plates have been designed to reduce the risk of implant failure in the face of
physiological multiaxial loading, particularly in osteoporotic bone.10,117 Locking plating
technology depends on the benefit of a fixed-angle construct, which does not rely on friction and
compression forces between implant and bone. Nevertheless, locking screws have their own
disadvantages, such as the stiffness of plate-screw constructs and increased costs.10,116,118
Disadvantages of Buttress Screws
Although most current orthopedic screws use a form of the buttress thread, this thread
shape suffers from several limitations.10,108-109 Buttress screws are hard to start within the bone
interface. During screw insertion, the screws can miss the far cortex through the projected
trajectory; this may lead to stripping out the near cortex. Even with appropriate insertion, the
axial load and torque of final screw tightening may overcome the bone resistance and result in
stripping out both cortices. The buttress thread induces a radial force that is perpendicular to the
screw’s long axis, which increases the likelihood of creating a stress riser or an incidental
fracture to the adjacent bone. While the buttress thread is designed to resist unidirectional axial
loads, physiological loading on orthopedic implants is multidirectional and can result in
loosening. Screw loosening may lead to “toggling” in which the screw erodes through the bone
and enlarges the hole within which the screw resides, possibly resulting in failure of fixation.
Attempts to modify thread pitch, depth, width, and face angle of the buttress screw to improve
screw retention results in increased friction and insertion torque, leading to heat generation and
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potential heat necrosis to the adjacent bone. Heat necrosis compromises screw purchase and
retention of the thread interface. The buttress cutting mechanism represents a “rough” cutting
tool, because it does not provide precise thread forming and leads to microfracturing of the bone
around the threads. Bone debris accumulates along the thread teeth; the resulting increase in
torque and friction generates additional heat. Furthermore, the debris makes the screw harder to
insert and provides a poor bone-screw interface. The buttress cutting mechanism is recognized as
one of the underlying causes of bone-implant failure. High compressive forces, increased
insertion friction with heat generation, and presence of microfractures within the threads all
contribute to the risk of bone necrosis and bone resorption around the screw.10
In summary, the disadvantages of buttress screws include the risk of stripping, screw
loosening, induction of stress risers, bone microfracturing, heat necrosis, failure of fixation, and
risk of creating fracture nonunions and malunions. While attempts to improve the modern
orthopedic screw design have been made, reliance on the buttress thread has left these
fundamental problems unaddressed.10
Bone-Screw-Fasteners
The bone-screw-fastener (Fig. 1.2) was designed based on an interlocking bone-implant
interface technology that provides distribution of forces from the implant onto the bone, thus
resisting loads in all directions. The fastener consists of a “female thread” bone cutting
technology designed to maximize bone volume, preserve bone architecture, and create a
circumferential interlocking interface between the implant and bone, similar to a “nut-and-bolt”
technology. The new interlocking thread pattern is designed to resist multiaxial forces and
bending moments; these properties limit the toggling of the implant and minimize radial forces,
thereby improving resistance to failure and decreasing the risk of stress risers and iatrogenic
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fractures. Additionally, the interlocking thread pattern is designed to allow for higher finishing
torque values compared to buttress screws and to resist screw stripping, even in lesser quality
bone. The new bone cutting mechanism curls bone chips away from the cutting edges; this
creates a solid bone-implant interface free of debris and prevents iatrogenic bone destruction
during screw insertion.10
Alfonso et al. tested torque resistance between the 3.5mm bone-screw-fastener and the
3.5mm cortical AO buttress screw until failure. Six matched pairs of adult human cadaveric
tibias were included in the study. The bone-screw-fastener had a significantly increased
resistance to torque failure compared with the buttress screw. None of the fasteners stripped from
the bone; rather, failure occurred at the screwdriver-implant interface as metal-on-metal failure.
No significant difference in axial pullout strength was noted between the two screw types. The
authors of this study concluded that the bone-screw-fastener was superior to the conventional
AO buttress screw regarding protection from torque stripping forces, and the new interlocking
thread design did not sacrifice axial pullout resistance.119
DeBaun et al. compared plate constructs using bone-screw-fasteners versus locking
screws with buttress threads. Eleven matched pairs of proximal and distal segments of geriatric
female human cadaveric tibias were included in the study. Bone-screw-fasteners or locking
buttress screws were applied to a locking compression plate on the anterolateral aspect of the
tibia in a bridge mode. Specimens were subjected to incrementally increasing cyclic axial load
and constant cyclic torsion. Failure was defined as 2mm of displacement or 10° of rotation.
Bone-screw-fastener constructs failed at a mean of approximately 41,000 cycles, while locking
screw constructs failed at a mean of approximately 38,000 cycles; there was no significant
difference between groups. The fastener constructs demonstrated increased initial torsional
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stiffness and less peak-to-peak displacement and rotation throughout static and cyclic testing.
The authors of this study concluded that bone-screw-fasteners performed similarly to traditional
locking plating in female geriatric bone.120
Raleigh et al. published the first veterinary study evaluating the bone-screw-fastener.
They performed an ex vivo biomechanical study including thirty-six canine humeral condyles.
Simulated fractures of the lateral aspect of the humeral condyle were stabilized by a 3.5mm
bone-screw-fastener or a 3.5mm buttress screw in lag or positional fashion. The constructs were
then axially loaded at a walk, trot, 2mm displacement, and failure cycles. Compact flute drill bits
were used for bone-screw-fastener constructs and standard flute drill bits for buttress screw
constructs. Compact flute drill bits produced a 6-degree Celsius greater temperature increased
and required 20N higher torque than standard flute drill bits. Insertional torque was greater for
bone-screw-fasteners than positional and lag buttress screws. Condylar fragment rotation at
failure was lower in the fastener constructs than the lag buttress screw constructs. Bone-screwfasteners resisted greater loads than positional buttress screws but not lag screw constructs. The
authors concluded that biomechanical performance of constructs was improved with bone-screwfasteners.11
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Figures

Figure 1.1

(A) Depiction of the buttress thread screw. (B) Close up of buttress thread
geometry.11
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Figure 1.2

Depiction of the bone-screw-fastener and close up of interlocking thread
geometry.9
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CHAPTER II
EX VIVO BIOMECHANICAL EVALUATION OF A NOVEL SCREW FOR TIBIAL
PLATEAU LEVELING OSTEOTOMY
Objective
The objective of this current study was to investigate whether the type of screw inserted
in the proximal metaphysis of the tibia, in combination with a locking TPLO plate, would
influence the stiffness and failure characteristics of the proximal aspect of the TPLO construct
under cyclic loading conditions. The author hypothesized that use of bone-screw-fasteners with a
locking TPLO plate would result in superior biomechanical stability compared with traditional
locking screws.
Materials and Methods
Specimen Collection and Preparation
Methods were similar to those previously described.1 Twelve pairs of cadaveric pelvic
limbs were harvested from skeletally mature dogs euthanized for reasons unrelated to this study.
Stifle joints were determined to be anatomically and clinically normal with no signs of
osteoarthritis through visual and radiographic screening. Tibias were dissected en bloc, stripped
of soft tissue, and randomly assigned pairwise to two study groups: locking buttress screw
fixation (LBS) and bone-screw-fastener fixation (BSF) (Fig. 2.1). Left and right bones were
equally distributed within the groups. Specimens were wrapped in saline-soaked sponges and
stored at -20°C until testing.
41

Measurement of TPA
Preoperative mediolateral radiographs of all specimens were obtained for measurement of
TPA. The stifle and tarsocrural joints were flexed to a 90° angle, with the tibia positioned
parallel to the cassette ensuring no femoral or tibial rotation. All radiographs had
superimposition of the femoral and tibial condyles. Preoperative orthopedic planning software
(vPOPPRO; VetSOS Education Ltd.) was used to determine TPA. TPA was defined as the acute
angle formed by a line drawn connecting the cranial and caudal extents of the medial tibial
condyle (tibial plateau axis) and a line perpendicular to the tibial long axis. The tibial long axis
was determined by drawing a line connecting a point dividing the intercondylar tubercles of the
tibia and the center of rotation of the talus. TPA was measured independently by two individuals
for all specimens and averaged. TPA of bones in our study ranged from 23° to 30° (LBS: 26.8 
2.1° [mean  SD]; BSF: 26.2  2.3°). A radiographic template for a 24-mm radial osteotomy was
centered at the intersection of the tibial plateau and the tibial long axis lines. The distance (D1)
from the patellar ligament attachment to the proposed osteotomy was measured along a line
perpendicular to the cranial border of the tibia to ensure a tibial tuberosity width of 10mm.2 The
magnitude of rotation of the tibial plateau in millimeters required to achieve a postoperative TPA
of 5° was determined using a commercially available chart (DePuy Synthes Vet).
TPLO Procedure
All TPLO procedures were performed by the same surgeon and assistant surgeon.
Specimens were positioned as described for mediolateral radiographs. In accordance with the
surgical technique employed at the author’s institution, a TPLO jig was not used for the
procedure. The proposed osteotomy, as well as the determined amount of rotation, was marked
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on the tibia with a felt-tipped pen. An oscillating saw (DePuy Synthes Vet) was fitted with a
biradial 24-mm TPLO saw blade (DePuy Synthes Vet). The saw blade was aligned parallel to the
tibial plateau and perpendicular to the sagittal plane of the tibia. The proximal blade edge
engaged the bone just caudal to the insertion of the patellar tendon on the tibial crest, and the
distal blade edge was perpendicular to the caudal cortex of the tibia. Following osteotomy, the
tibial plateau segment was rotated the predetermined amount. Temporary reduction was achieved
by insertion of a 1.6-mm-diameter Kirschner wire crossing the osteotomy in a cranial-to-caudal
orientation and originating proximal to Sharpey’s fibers at the attachment of the patellar
ligament. A pair of pointed bone reduction forceps were applied from the tibial crest to the
caudal surface of the tibial plateau to provide additional stability of the osteotomy.
A 3.5-mm, 6-hole, locking TPLO plate was used to stabilize the osteotomy. The plate
was manufactured from implant grade 316L stainless steel, as left and right versions
anatomically contoured to match the proximal medial tibial surface. The three round, double
threaded holes in the head of the plate can accept 3.5-mm screws with or without a locking head
and are oriented for optimal bone purchase and to avoid the joint. The shaft of the plate distally
has two multipurpose, “DCP-type” holes (allow locking, neutral, or compression screws) and
one central hole similar to those in the head of the plate. The undersurface of the plate has the
same configuration as the LC-DCP implants with scalloped surface intended to reduce contact of
the plate with the bone and interference with blood supply.
The LBS group was considered the control group in which 3.5-mm, self-tapping buttress
threaded screws were used following AO plating principles. First, the shaft of the plate was
attached to the tibial diaphysis with a 3.5-mm cortical screw inserted in the proximal DCP hole
in neutral position. Next, a 3.5-mm cortical screw was placed in the distal DCP hole in the load
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position, and this screw was not fully tightened. Three 3.5-mm locking screws were inserted in
the holes in the head of the plate and tightened with a star-drive screwdriver shaft and a torquelimiting device (DePuy Synthes Vet) to a maximum of 1.5Nm. The distal cortical screw was
tightened until it contacted the plate. Then, the proximal cortical screw was slightly loosened,
and the distal cortical screw was fully tightened by hand to achieve interfragmentary
compression of the osteotomy gap. The proximal cortical screw was retightened. Finally, the
remaining central hole in the shaft of the plate was filled with a 3.5-mm locking screw. The
Kirshner wire and pointed bone reduction forceps were removed.
In the BSF group, 3.5-mm, self-tapping bone-screw-fasteners were used exclusively. The
TPLO plate was applied to the bone by insertion of fasteners in the same sequence as the control
group. Before screw insertion, 2.5-mm pilot holes were drilled in the bone using standard
industry drill bits. Postoperative radiographs were used to check osteotomy position, TPA, and
implants. Cranial, caudal, medial, and lateral view photographs of the specimens were acquired
(iPhone 12 Pro; Apple Inc.).
Mechanical Testing
Following the TPLO procedure, tibias were transected transversely, 70mm distally from
the most distal aspect of the osteotomy. The distal 60mm of bone, plate, and screws were
embedded in polyurethane casting resin (Fabri-Cast 50; Specialty Resin & Chemical). The tibial
plateau fragment was embedded proximally in polyurethane without encompassing the plate and
screws. Each specimen was positioned in a servohydraulic testing machine (MTS Bionix 858
Test System; MTS Systems Corporation) at 75° to the horizontal to simulate physiological
orientation and loading at the mid-point of the stance phase at the walk (Fig. 2.2).1,3-5 Proximally,
load was transferred into the polyurethane via a metal sphere (diameter 25mm) placed between
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the medial and lateral intercondylar tubercles. Distally, the specimen rested on a metal rod and
sleeve bearings to prevent rotation. Cyclic loading was performed for 30,000 cycles at 4Hz in
load control with a peak-load of 1000N (50N valley). The cyclic test was then continued by
stepwise increasing the peak-load at a rate of 75N per 500 cycles (0.15 N/cycle) until failure of
the construct. Failure was defined as 6mm crosshead displacement at unloading (plastic
deformation).1 Constructs were examined visually to determine mode of failure. Cycles to
failure, maximum force, and dynamic stiffness were determined for all constructs.
Statistical Analysis
The effect of screw type and leg side on cycles to failure, maximum force, and mean
dynamic stiffness was assessed with separate linear mixed models. For each outcome, screw
type, leg side, and their interaction were included as fixed effects. If the interaction term was not
significant, it was removed, and the model was refit. Similarly, if leg side was subsequently not
significant, it was removed and the model refit. Dog identity was included as a random effect.
Conditional residuals were visually assessed to determine if the assumptions of normality and
homogeneity were met for the statistical models. If these assumptions were not met, the effect of
screw type on these outcomes was assessed using a Wilcoxon signed-rank test. An alpha level of
0.05 was used to determine statistical significance for each of the statistical methods. All
statistics were performed using computerized software (SAS Institute Inc.).
Results
Cycles to failure for the LBS group (44260  5770) and the BSF group (41540  7686)
were not significantly different (P = 0.36) (Fig. 2.3). Maximum force for the LBS group (3134 
797N) and the BSF group (2940  831N) was not significantly different either (P = 0.58) (Fig.
45

2.4). Median dynamic stiffness for the LBS group (30,000 cycles: 1617  894 N/mm; increasing
load: 1936  662 N/mm; and overall: 1778  932 N/mm) and the BSF group (30,000 cycles:
1255  584 N/mm; increasing load: 1862  594 N/mm; and overall: 1574  677 N/mm) was not
significantly different (30,000 cycles: P = 0.11; increasing load: P = 0.83; and overall: P = 0.58)
(Fig. 2.5).
In all constructs, neither intra-articular nor intra-osteotomy screw penetration was
observed after insertion of the proximal screws. Failure was most commonly associated with loss
of rotation of the tibial plateau segment (Table 2.1). Plastic deformation with no visible evidence
of failure was the second most common mode of failure. Fracture of the proximal tibial segment
(Fig. 2.4), screw breakage, and screw loosening occurred in both groups.
Discussion
There was no significant difference between the LBS group and the BSF group in regards
to cycles to failure, maximum force, or mean dynamic stiffness. Therefore, the author’s
hypothesis was rejected. Nevertheless, the findings of this current study suggest that stabilization
of the TPLO with bone-screw-fasteners in the proximal part of a locking TPLO plate provided
similar biomechanical stability under cyclic axial loading conditions as the locking buttress
screw.
The setup for mechanical testing was similar to that described by Leitner et al., which
aimed to simulate the long-term effects of dynamic loading on the isolated and osteotomized
tibia during the stance phase by compressing the tibia in a servohydraulic testing apparatus. In
that study, constructs were loaded via metal spheres proximally and distally to simulate an in
vivo loading situation, ensuring bending moments to be zero at the joints. The spheres mimicked
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a worst-case scenario by creating an unstable condition at the proximal articular surface. To
prevent rotation of the specimen during testing, a pin was screwed into the distal embedding and
guided in a vertical slot.1 In this current study, the distal sphere and pin were replaced with a
metal rod and sleeve bearings; the effect of these changes was not investigated. A full pelvic
limb model of the stifle and hock joint in situ, with simulated quadriceps and gastrocnemius
muscle groups has been described.5-6 While these models are appropriate for evaluating the
effects of the intervention on the function of the limb and joints, the models used in this study
and by Leitner et al. are focused on the relative movements of the fragments and stability of the
tibial osteotomy.1
All constructs were embedded in polyurethane casting resin proximally at the proximal
tibial articulation and distally at the mid-tibial diaphysis. The shaft of the plates, including all
three distal screws, was embedded to a height of exactly 1cm below the osteotomy. This protocol
was chosen to test exclusively the proximal aspect of the TPLO construct. In the study by Leitner
et al., the lateral cortex of the distal tibial metaphysis split and propagated along the distal screw
holes in 50% of pilot constructs.1 Because of the focus of this current study, it was preferable to
prevent distal failure by use of this embedding technique. Stress concentration increases in the
proximal part simulated a worst-case scenario for the study’s region of interest. Despite these
limitations, the model used in this study represents a restricted, but still appropriate,
approximation to the in vivo loading condition.
The protocol for the load levels and the testing frequency used in this study was
significantly higher than loads generated in the stifle joint during the stance phase of a dog at
walk.1,7-11 However, similar loads and gait frequencies may be experienced in large-breed dogs
under extreme conditions. Thus, the rationale behind this protocol was to test the constructs at
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the highest likely level to find fatigue points and hence differences between TPLO constructs.1
The results suggest no differences between the LBS and BSF groups under these intense loading
conditions.
Loss of rotation of the tibial plateau segment occurred in 42% (10/24) of constructs in
this study. Changes in TPA during osteotomy healing have been reported following TPLO.1,12-15
Use of locking screws has been shown to provide superior maintenance of tibial plateau
position.1,12 The LBS group and the BSF group were equally affected by loss of rotation;
however, the magnitude of change in position of the tibial plateau was not quantified. Therefore,
the significance of this finding was not investigated in this current study. In the study by Leitner
et al., titanium pins were inserted into the tibial plateau and proximal metaphysis to track bone
fragment location by computed tomography (CT) imaging. CT imaging was performed after
osteotomy reduction, after plate stabilization, and after 30,000 cycles of axial compression
testing. The magnitude of rotation about the sawing axis and translational movement of the tibial
plateau segment toward the plate were significantly greater for the conventional screw group
(cortical buttress screws) than for the locking screw group.1 Use of CT imaging may help
evaluate the ability of the bone-screw-fastener to maintain tibial plateau position.
In this current study, all TPLO procedures were performed by the same surgeon and
assistant surgeon. Preoperative mediolateral radiographs ensured that tibias were of adequate size
for a 24-mm TPLO saw blade and a 3.5-mm TPLO plate, and screws from both groups were of
consistent length. These measures were taken to achieve consistency in surgical technique and to
minimize the amount of variation due to implant application. A TPLO jig was not used for
performing the TPLO procedure. Jig use has not been shown to improve precision of TPLO
surgery.16 Osteotomy position when performing a TPLO without a jig and saw guide compares
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favorably with use of a jig and saw guide.17 A jig is not necessary for osteotomy orientation,
tibial plateau rotation, or fragment reduction.18 In addition, the author wanted the evaluation of
osteotomy stability to be independent of the jig and have greater applicability to a wider range of
surgical technique. A TPLO jig was not used in the study by Leitner et al.; however, the saw was
mounted in a drill press and the tibias into a vice.1 Whether use of a drill guide and vice would
have affected the outcome of this current study or not is unknown but considered unlikely.
The bone-screw-fastener was designed to resist multidirectional loading, among other
theoretical advantages to the conventional buttress screw.19 It is possible that cyclic axial
compression in a TPLO is not the best model to highlight this feature of the novel thread design.
Use of bone-screw-fasteners may result in superior biomechanical stability following the TPLO
procedure under other loading conditions, such as bending or torsion; however, this was beyond
the scope of this current study.
Screw type had no effect on fixation stability under cyclic loading conditions in this
current study. However, it is possible given our small sample size that a significant difference
may have not been detectable due to our study being low powered. While a pre-hoc power
analysis was not performed, this study included 50% more samples than the AO Research
Institute.1
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Tables and Figures
Table 2.1

Modes of Failure of the TPLO construct for the locking buttress screw and bonescrew-fastener groups.

Mode of Failure

Locking Buttress Screw

Bone-Screw-Fastener

Plastic Deformation
(6mm)

3

4

Screw Breakage

1

0

Screw Loosening

1

1

Loss of Rotation

5

5

Fracture

2

2
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Figure 2.1

(A) Locking buttress screw. (B) Bone-screw-fastener.
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Figure 2.2

Setup for mechanical testing. Truncated and embedded specimen (left tibia) in
testing apparatus at 75° to the horizontal. Load introduction via metal sphere
proximally. Metal rod and sleeve bearings distally to prevent rotation.
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Figure 2.3

Cycles to failure of the TPLO construct for the locking buttress screw and bonescrew-fastener groups (mean  SD).
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Figure 2.4

Maximum force prior to failure of the TPLO construct for the locking buttress
screw and bone-screw-fastener groups (mean  SD).
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Figure 2.5

Dynamic stiffness of the TPLO construct for the locking buttress screw and bonescrew-fastener groups for the first 30,000 cycles, cycles with stepwise increasing
load, and overall (median  quartile range).
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Figure 2.6

Photograph of fracture of the proximal tibial segment through the screw holes.
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CHAPTER III
CONCLUSION
The findings of this current study suggest that stabilization of the TPLO with bonescrew-fasteners in the proximal part of a locking TPLO plate provided similar biomechanical
stability under cyclic axial loading conditions as the locking buttress screw. Bone-screwfasteners may be an acceptable alternative to traditional locking screws for TPLO. Further
research is warranted prior to clinical application.
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